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素分解等问题，难以制备高质量的 CZTS 薄膜。目前，CZTS 薄膜器件的最高转
换效率为 12.6%，远低于 32%的理论效率。为了发展高效率、低成本的 CZTS 薄
膜技术，大量的研究工作必不可少。 
论文的第一部分，采用操作简便的单靶（等化学计量的 Cu2ZnSnS4四元化合
物靶材）磁控溅射法沉积 CZTS 薄膜。研究发现，在溅射功率为 75 W，压强为
0.8 Pa 的条件下，CZTS 薄膜具有较高的沉积速率 12.7 nm/min，合适的元素配比
Cu:Zn:Sn:S=24.90:12.77:12.76:49.57，但沉积得到的 CZTS 薄膜颗粒尺寸为纳米
级别，结晶性较差。为了提高薄膜的结晶质量，采用低成本、安全的硫粉作为硫
源代替有毒的 H2S/H2Se 气体，对沉积得到的 CZTS 薄膜进行硫化处理。研究发
现，若硫化时间太短或者硫化温度太低，CZTS 薄膜结晶性不好；而硫化时间太
长或者硫化温度太高，则随着 Sn 元素损失出现二次相和孔洞。在硫化温度为
500℃，硫化时间为 30 min 条件下，得到的 CZTS 薄膜结晶性能好且具有优异的
光电性能：光学带隙 1.53 eV, 载流子浓度 3.2x1015 cm-3, 迁移率 57.6 cm2(V.s)-1。 
论文的第二部分，成功制备得到结构为 SLG/Mo/CZTS/CdS/iZnO-AZO /Al
的 CZTS 电池器件。I-V 特性表征发现硫化温度对电池电流密度有很大影响：硫
化温度升高，CZTS 薄膜结晶性改善，晶体缺陷和载流子复合中心减少，从而增
大载流子迁移率和电池电流密度。在 500 ˚C 硫化 30 min 得到的 CZTS 薄膜电池
具有最优的 IV 性能：电池效率 4.4%，开路电压 650 mV，电流密度 19.2 
mA/cm
2，填充因子 37%。 
最后，通过调节 CZTS 靶材中 S/Se 元素的比例，制备不同 S/Se 元素含量的
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具有更宽的光谱吸收范围，量子效率高达 72%，比单一带隙的 CZTS 薄膜电池
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Abstract 
CZTS quaternary kesterite compound is considered to be one of the most 
promising alternative materials for CIGS/CdTe thin-film solar cells owing to the fact 
that CZTS possesses a suitable direct optical band gap of ~1.5 eV, p-type electrical 





the Cu, Zn, Sn, and S elements are earth abundant, environmental friendly and 
low-cost. However, it presents some challenges for the fabrication of CZTS thin films 
due to the limited single-phase region and its decomposition of unstable elements. In 
order to develop high-efficiency and low-cost CZTS photovoltaic devices, there still 
exists some critical problems to be solved and plenty of room for improvement. 
In the first part of this thesis, we prepared highly crystallized CZTS thin films 
using a simple single-target sputtering technique followed by low-cost sulfurization 
treatment in the sulfur vapor. We find that the CZTS film deposited at a RF power of 
75 W and working pressure of 0.8 Pa shows a high deposition rate of 12.7 nm/min as 
well as suitable element composition of Cu:Zn:Sn:S=24.90:12.77:12.76:49.57, while 
the crystallinity of the as-deposited CZTS films is poor. In order to improve the 
crystallinity of CZTS thin films, we investigated a low-cost and nontoxic sulfurization 
process by using sulfur powder instead of toxic H2S/H2Se gas. To obtain the best 
quality of CZTS film, the sulfurization temperature should be 500℃  and the 
sulfurization time should be 30 min. If the sulfurization time is too short or the 
sulfurization temperature is too low, the crystallinity of CZTS is poor; while if the 
sulfurization time is too long or the sulfurization temperature is too high, there will be 
second phase such as SnS2 and pores generated along with the loss of Sn /Zn elements. 
In particular, the CZTS film sulfurized at 500 ˚C for 30 min shows excellent optical 
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fabricated. Current-voltage (I-V) analysis indicates that the current density increases 
with the increase of sulfurization temperature, which is attributed to the relatively 
large grains and high mobility achieved at a high sulfurization temperature. 
Importantly, the solar cell based on the CZTS thin film sulfurized at 500˚C for 30 min 
shows the best performance with a photovoltaic conversion efficiency of 4.4%, 
open-circuit voltage of 650 mV, short-circuit current density of 19.2 mA/cm
2
, and fill 
factor of 37%. 
At last, we fabricated band-gap-grated CZTSSe thin films and solar cells by 
changing S/Se element distribution. The effect of S/Se ratio on the structure, 
morphology and composition of CZTSSe film was investigated. By controlling S/Se 
content in the Cu2ZnSnSexS4−x film, the optical band gap of the CZTS/Se film ranges 
from 1.27 to 1.53 eV. We note that the band-gap-grated CZTSSe solar cell shows a 
high quantum efficiency of 72%, and that it is 20% higher than single band gap CZTS 
based solar cell with a quantum efficiency of 52%.  
In conclution, this work shows that CZTS thin film deposited using single target 
sputtering technique has excellent properties and that CZTS-based solar cell has a 
high efficiency. The technology proposed here presents a promising approach to the 
development of low-cost and high-efficiency CZTS thin film solar cells. 
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图 1-1 欧洲联合中心（JRC）对能源发展趋势预测[2] 
Figure1-1 Traditional energy and renewable energy development trend forecast map 



































图 1-2 I2-II-IV-VI4元素 
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